The purpose of this study was to assess messages posted by mothers of children with type 1 diabetes in the Italian Facebook group "Mamme e diabete" using computerized text analysis. The data suggest that these mothers use online discussion boards as a place to seek and provide information to better manage the disease's daily demands-especially those tasks linked to insulin correction and administration, control of food intake, and bureaucratic duties, as well as to seek and give encouragement and to share experiences regarding diabetes and related impact on their life. The implications of these findings for the management of diabetes are discussed.
Introduction
Thanks to a general trust in its anonymity, the Internet, especially trough its forums and blogs, has become a place where people are comfortable to reveal their feelings (Pounders et al., 2015) and their psychological needs (Ogden and Bennett, 2015) , as well as being a rich source of health related data, collected via online surveys and questionnaires (Faber and Dubé, 2015; Lyons et al., 2015; Rosenbaum and White, 2015; Strodl et al., 2015) .
In addition, for people who suffer from chronic diseases, social networking websites are a way to exchange information and find a virtual place to talk freely about difficult issues and share their experience in writing (Farmer et al., 2004; Hawn, 2009; Shaw et al., 2000) .
Although online chronic disease groups are widely available on the Internet, research exploring the information that patients or their relatives request and share is limited. Little is known about the nature of the virtual communities that congregate on Facebook.
Some chronic disease group researchers have used content analysis to understand the typology and nature of responses that are directly affected by the illness (Alpers et al., 2005; Davison and Pennebaker, 1997; Klemm et al., 1999; Mazzoni and Cicognani, 2014; Thompson et al., 2015) .
Among studies examining individuals suffering from type 1 diabetes, Ravert et al. (2003) performed content analysis of the messages posted by adolescents in public webbased forums via qualitative data analysis. Social support and information were the two prominent aspects of these messages. Life tasks (queries relative to transitions or activities regarding normal adolescent development), medical care (queries related to specific concern about health care, the medical system, service, etc.), management (queries related to problems in managing diabetes), and intrapsychic (queries related to affective issues such as state of mind and attitude) were the other request topics identified by this analysis. Greene et al. (2011) qualitatively evaluated a sample of discussions on the most popular Facebook groups dedicated to diabetes. Two investigators evaluated the posts by developing a thematic coding scheme and identified four prominent topics: clinical information-sharing, patientcenter management (sensitive aspects of diabetes management unlikely to be revealed to doctor or available through professional consultation), interpersonal support/community-building, and marketing activity and data collection functions unique to the Facebook diabetes group (advertising, promotional posts, etc.).
De la Torre-Díez et al. (2012) analyzed the main purposes and use of the Facebook and Twitter groups concerning chronic diseases. The 527 diabetes groups found on Facebook and Twitter focused primarily on research issues. Content analysis showed that the majority of users were involved in social networks to support research and find cures. Other users include users who had the aim of supporting patients and their relatives, who want to report and share information about the illness, who are dedicated to fundraising to pay for people's treatment, to prevent the disease, to encourage people to use boluses of insulin or promoting the new technologies for the care of the disease.
In order to provide further data to the existing research and to quantitatively describe what Facebook users share, the present study was designed to evaluate a sample of discussion on a specific Italian Facebook group dedicated to type 1 diabetes. "Mamme e diabete" is a Facebook group where the caregivers of children with type 1 diabetesmostly mothers-exchange messages with one another. Libreri and Graffigna (2012) have already provided a preliminary description of the main features of this Facebook group. However, as stated by these authors in their original paper, it is important to deepen the understanding of the roles and needs of the actors participating in these online exchanges.
Messages posted by users of "Mamme e diabete" were assessed using computerized text analysis to better understand the nature of interactions taking place among participants.
This study sought to address the following questions:
1. Which concepts are associated with the word diabetes? 2. What are the most frequent topics of the messages? 3. Are there longitudinal changes in discourse structure so that differences will be found among messages posted during different months?
Methods and data
A representative sample of text serves as the raw input data. It was collected from June to September 2014. This text constitutes the text corpus. The participants' writings were copied and corrected for grammatical errors. The names and surnames of the writers as well as the dates and times of the posts and messages were deleted. There were 40,355 posts copied and pasted into a text file.
Textual analysis of the participants' writing was performed via a content analysis software package called the T-Lab 5.1 (Lancia, 2004) . The T-Lab operates through a distinction between the context units (CUs-fixed chunks of text that divide the total body of the input text, for example, paragraphs) and lexical units (LUs-the different words or categorizations of words, for example, lemmas, semantic classes, or dictionary categorizations).
This software produces matrices representing relationships between the analysis units (CU and LU), which are the basis of all of the T-Lab's operations. T-Lab can identify and categorize the semantic content in the text. This procedure is grounded in the assumption that the semantic content of a text can be depicted in terms of how the words associate with each other. The meaning of a word consists of the associations it has with the other words in the text (Salvatore et al., 2010) . According to the same assumption, a semantic content in the text corresponds to a pattern of co-occurrences of words (i.e. a set of words that tend to be present together across the text).
Two of T-Lab's functions were employed in this research: co-occurrence analysis (computation of word association and sequence analysis of key words) and thematic analyses of the CUs (thematic analyses of elementary contexts (ECs)). The computation of word association is used to present an association chart on a single word that gives an impression of the contextual use of that word in terms of which other words the term under consideration often co-occurs. To analyze the contextual meaning of a word, the software reviews that word's co-occurrence profile with respect to all other sample words. The relative closeness of one word to another word in the chart is devised according to a parameter called the cosine coefficient (Salton, 1989) . The function sequence analysis allows a Markovian analysis of a sequence of key words. These items are LUs that are present in the corpus.
This tool constructs and analyzes two co-occurrence matrices whose respective values are the count of how many times within the analyzed corpus each LU precedes or follows the other in the linear (sequential) structure of the texts (Lancia, 2002 (Lancia, , 2012 . Beginning from a matrix in which all the predecessors and all the successors of each item (i.e. LU or theme) are recorded, T-Lab calculates the transition probabilities (Markov chains) between predecessors and successors. In other words, this tool highlights the transition (i.e. what comes before or after any "x") via a Markovian approach. Thematic analyses of ECs (ECs are a type of CU) provide a representation of the corpus' content through a small number of significant thematic clusters. The clusters divide the media discourse into a number of "themes" that represent the content of the media discourse. Thematic clusters are internally homogeneous and externally heterogeneous. One can plot the evolution of thematic clusters along a longitudinal dimension. In particular, the evolution of thematic clusters, identified in terms of their weight in each month during the study period, was analyzed.
All studies were approved by local ethics committees and were performed according to the principles of the Helsinki Declaration II.
Results
Preliminary data from this study have already been communicated in Troncone et al. (in press ).
An association chart of the word "diabetes" was constructed with T-Lab to identify which concepts are associated with diabetes in the entire text (Figure 1 ). Table 1 shows occurrence and cosine coefficient values of the first 12 words related to the word "diabetes." All words in the graph are closely related to the word "diabetes" in the text corpus. The higher a word's cosine coefficient with respect to the word "diabetes," the closer that word is positioned to the center.
The results of the sequence analysis of key words that are closer to the word diabetes are showed in Figures 2 and  3 and Table 2 .
Figure 2 presents items that have the highest probability of coming before (predecessors) the word "diabetes." Figure 3 shows items that have the highest probability of coming after (successors) the word "diabetes." Table 2 shows the sorted list of predecessors and successors for each selected item. The list is in descending order according to the probability values ("Prob."). For example, Table 2 shows that the probability that "type" will follow the word "diabetes" is 0.034 or 3.4 percent.
Thematic analyses of ECs were used to identify the most frequent topics. The output of the ECs thematic analyses converged on a structure of six thematic clusters. Each cluster received a label based on the qualitative interpretation performed by analyzing the ECs grouped in each theme as well as the words connected to each cluster. In Table 3 , the six thematic clusters are presented listing the chi-square test values of the most important LUs in each cluster. A high chi-square value means that the corresponding LU is central to a cluster.
The six clusters were interpreted as follows: "correction" is characterized by issues concerning correction of insulin dose and monitoring of blood glucose level; "diabetes and life" focuses on emotional correlates related to diabetes and its management; "hi group!" refers to all contents related to the group including participation, encouragement, and emotional support; "bureaucracy" contains issues regarding compensation, bureaucracy procedures, and practices; "needle" is a cluster characterized by words closely related to all the procedures associated with the insulin administration such as injection, prick, and insulin pump; "food" is characterized by issues concerning food, eating, and carbohydrate level.
Considering the relative weight of each thematic cluster in the overall number of ECs, the largest cluster was "correction" (20.21%) followed by "diabetes and life" (18.47%), "hi group" (16.78%), "bureaucracy" (15.82%), "needle" (15.32%), and "food" (13.39%). Figure 4 uses a two-dimensional (2D) space to show the positions of the thematic clusters and relevant words with respect to the two factors. The axes are a result of a formal statistical analysis and are a way of making clear the structure of the discourse under examination. These factors are calculated by lumping together similar items to distinguish groups of different things (Sengers et al., 2010) .
Regarding the distribution in the semantic space of the thematic clusters, four main spaces grouped the clusters. The first space is shared by three clusters ("correction," "needle," and "food"). These clusters are all linked in that they are all themes of monitoring blood glucose values. They are all procedures that relate to insulin administration and related procedures including adjusting insulin intake based on blood glucose values and matching insulin dose to the carbohydrate intake. Their proximity in the factorial space represents their thematic closeness. The "bureaucracy," "diabetes and life," "hi-group" clusters are in a different factorial space-they are distant from the previous three clusters and are relatively distant from each other as well. These three clusters do not share the factorial space because of the distance among the themes that they describe.
Finally, the six thematic clusters were crossed with the month of publication to identify the longitudinal changes in the discourse structure. Figure 5 shows the longitudinal dimension of the six thematic clusters and their relative distributions in each month.
The relative weight of "correction," "diabetes and life," and "food" was prominent in the first month, but lost prominence in July and August; it increased in September. On the other hand, "bureaucracy" and "needle" themes become progressively more salient especially in July and August. The "hi-group" loses relevance from June to September.
Discussion
Our first goal was to define representations of diabetes via co-occurrence analysis (computation of word association and sequence analysis of key words). The data showed that "son," "type," and "years" are the most relevant words surrounding the word "diabetes." The words "child," "ours," "understanding," "disease," "seeing," "diabetic," "life," "feeling," "thinking," "speaking," and "accepting" are also closely related. These results suggest diabetes-related words and likely represent the perspective of mothers who focus on the burden associated with the illness and its duration, as well as the effects of illness on the child and family, the understanding of the mechanisms of disease, and acceptance of the illness.
Evaluation of the most frequent topics suggests that mothers of children with type 1 diabetes use online discussion boards to seek and provide information about food and insulin correction, to compare and share experiences regarding diabetes and related impact on their lives, to seek and give encouragement, to share coping strategies regarding bureaucratic tasks and duties, and to better manage the disease's daily demands. This is especially true for those tasks linked to insulin administration (multiple daily insulin injections, blood glucose monitoring by finger pricking, subcutaneous administration of insulin with portable infusion pump, etc.). By analyzing the LU connected to each cluster, it should be noted that the word hypoglycemia is unexpectedly included in the cluster "food" and not "correction." This association is likely explained by the use of food as a hypoglycemia treatment. Most episodes of symptomatic hypoglycemia can be effectively self-treated by ingestion of glucose tablets or carbohydrate in the form of juice, soft drinks, milk, crackers, or a full meal.
Evaluating the longitudinal changes in discourse structure, these themes are relatively stable over the study period, with some changes in the relative weight of some clusters. In particular, the changes in the relative weight of the themes "correction," "diabetes and life," and "food" are a probable consequence of the challenging management of diabetes when children are at school or away from home. In June and September, children usually spend 4-8 hours per day at school. Thus, more attention is given to diabetes care at school. Examples include blood glucose testing, eating appropriately, administering insulin as needed, the presence of knowledgeable individuals to assist the student during the school, variations in activity and food intake, recognizing symptoms and treatment of hypoglycemia, and so on. On the other hand, the increase in the "needle" theme observed in July and August is likely due to increased occurrences of dealing with diabetes in public (e.g. beach) rather than at home. The "bureaucracy" theme also becomes more salient during the summer perhaps because of the interruption of scholastic indemnity with accompanying problems and complaints.
In conclusion, these findings are a useful contribution that enhances knowledge about the typology and nature of responses posted by participants in a social networking website. This knowledge is critical in improving the clinical management of diabetes. The knowledge and nature of responses posted by participants can help health care providers to be cognizant of the main issues that give caregivers concerns. This knowledge is essential for improving the doctor-patient communication. In addition, within the larger effort to use computer technology to address problems and improve life, the comprehension of needs of social networking users can help better configure the Web context (e.g. creation of other virtual communities through online groups) to assist people and achieve improved health and well-being. As emphasized by Barrera et al. (2002) , with additional outcome research, online groups could become validated resources to help the patients with type 1 diabetes better manage their health and cope with chronic disease by promoting and supporting daily self-management. To realize this aim, it will be necessary to collect additional data to deepen the understanding of what ingredients allow the configuration of different Web contexts to reach different aims (e.g. to diffuse information or to provide peer support) as well as different targets (e.g. patients, caregivers, and the general public) (Libreri and Graffigna, 2012) .
